Arginine 328 of the beta-subunit of the mitochondrial ATPase in yeast is essential for protein stability.
The mitochondrial ATPase is rapidly inactivated by the arginine selective reagent phenylglyoxal. Recently, the purported major reacting residue has been reported for the chloroplast enzyme (Viale, A. M., and Vallejos, R. H. (1985) J. Biol. Chem. 260, 4958-4962) corresponding to Arg-328 in the beta-subunit of the yeast Saccharomyces cerevisiae mitochondrial ATPase, a highly conserved residue in the ATPase. This arginine residue was concluded to be in the active site of the ATPase and possibly involved in the binding of nucleotides. To test this hypothesis, site-directed mutagenesis of the yeast enzyme has been used to replace Arg-328 with alanine and lysine. The modified genes were transformed into a yeast strain, DMY111, which contained a null mutation in the gene coding for the beta-subunit of the ATPase. Both of the substitutions were functional in vivo as demonstrated by the ability of yeast transformants to grow on a nonfermentable carbon source. The water soluble F1-ATPase with Ala-328 and Lys-328 were extremely unstable, but could be stabilized with glycerol. The rate of enzymatic decay followed first order kinetics with half-lives of 1.1 and 4.0 min for the mutants with Ala-328 and Lys-328 in 10% and 5% glycerol, respectively, while the wild type enzyme was stable even in the absence of glycerol. Kinetic analysis of both ATPase and GTPase has been determined. The wild type enzyme had two observable apparent Km and Vmax values for ATPase which were 0.056 mM-1 and 67 units/min/mg and 0.140 mM-1 and 100 units/min/mg. The mutant enzyme containing Lys-328 showed similar kinetic values of 0.066 mM-1 and 23 units/min/mg and 0.300 mM-1 and 43 units/min/mg. The mutant enzyme containing Ala-328, however, only demonstrated a single site with values of 0.121 mM-1 and 45 units/min/mg. In contrast to ATPase activity, kinetic values for GTPase were nearly identical for the wild type and mutant enzymes. Opposite to predicted results, the mutant enzymes were more sensitive to the reagent phenylglyoxal. These results indicate that Arg-328 is important for protein stability, but not involved in catalysis.